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ABSTRACT 
 
Investigation on the changes of flow phenomena in saccular aneurysms at the Cerebral 
had been studied. Due to the aneurysms, the stent placement was done to prevent the 
rupture of aneurysms. The velocity profile and pressure distribution after and before 
installing the stent had been identified at the different locations of aneurysms. For each 
location, there is three cases with the different size of aneurysms that are 3.5 mm, 4.5 
mm and 5.5 mm in radius. To identify the changes in local hemodynamic due to stent 
implantation, stented and non stented aneurysm models using selected stent were taken 
into considerations. The simulation of the model was studied under incompressible, 
non-Newtonian, viscous, non pulsatile condition in which we investigated 
computationally in a three-dimensional configuration using a Computational Fluid 
Dynamics (CFD) program. The minimum velocity had obtained after stents placement. 
In the first model, the minimum velocity obtained for non stented is 0.374 m/s for case 
1, 0.421 m/s for case 2 and 0.36 m/s for case 3. After stenting implementation, the 
higher minimum velocity were increased for all cases. For case 1 is 0.416 m/s, case 2 is 
0.443 m/s and case 3 is 0.404 m/s. In the second model, the minimum velocity for non-
stented aneurysms is 0.487 m/s for case 1, 0.424 m/s and 0.343 m/s for case 3. After 
stenting, the velocity also increased. For case 1 is 0.495 m/s, case is 0.454 m/s and case 
3 is 0.382 m/s. The different locations of aneurism, will give the different result of 
velocity profile and pressure distribution. In the first model, the peak pressure for non-
stented aneurysms is 453 Pa and for stented is 422 Pa. While, in second model, for non-
stented aneurysms, the peak pressure is 455 Pa and 432 Pa for stented aneurysms. 
Finally, the correlations obtained from this numerical result could be used to investigate 
the pressure distribution around the diseased segment. 
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ABSTRAK 
 
Kajian mengenai fenomena aliran darah di dalam  aneurism sakular pada bahagian 
Cerebral telah dijalankan. Disebabkan adanya aneurism, stent telah diletakkan untuk 
menghalang aneurism daripada pecah. Profil halaju dan taburan tekanan dikenalpasti 
sebelum dan selepas meletakkan stent pada aneurism di lokasi yang berbeza. Untuk 
setiap lokasi, terdapat tiga kes dengan saiz aneurism yang berbeza iaitu  3.5 mm, 4.5 
mm dan 5.5 mm dalam radius. Untuk mengenalpasti perubahan hemodinamik darah 
disebabkan oleh implant stent, model aneurism tanpa dan bersama stent yang telah 
dipilih di ambil kira. Simulasi model dikaji dengan parameter aliran mampat, non-
Newtonian, bendalir likat dan keadaan tiada denyut menggunakan program dinamik 
bendalir tiga dimensi (CFD). Aneurism pada berlainan lokasi, akan memberikan profil 
halaju dan taburan tekanan yang berbeza. Halaju minimum telah diperolehi, selepas 
implant stent. Dalam model pertama, halaju minimum telah diperolehi  untuk tanpa 
stent ialah 0.374 m/s untuk kes 1, 0.421 m/s untuk kes 2 dan 0.36 untuk kes ketiga. 
Selepas stent diletakkan, halaju minimum telah meningkat bagi semua kes. Untuk kes 1, 
halajunya ialah 0.416 m/s, kes 2 ialah 0.443 m/s dan kes 3 ialah 0.404 m/s. Dalam 
model kedua, untuk model tanpa stent, halajunya ialah0.487 m/s untuk kes 1, 0.424 m/s 
untuk kes 2 dan 0.343 m/s untuk kes ke 3. Selepas stent diletakkan, halaju minimumnya 
turut bertambah. Untuk kes 1, halajunya ialah 0.495 m/s, kes 2 ialah 0.454 m/s dan kes 
3 ialah 0.382 m/s. Aneurism pada lokasi yang berbeza akan memberikan nilai halaju 
dan taburan tekanan yang berbeza. Dalam model pertama, tekanan yang diperolehi ialah 
453 Pa untuk tanpa stent dan 422 Pa untuk dengan stent. Manakala untuk model kedua, 
tekanan yang diperolehi ialah 455 Pa untuk tanpa stent dan 432 untuk dengan stent. 
Perkaitan yang telah diperolehi dari kajian ini boleh dimanfaatkan untuk lanjutan 
taburan tekanan disekitar aneurism. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 ANEURYSMS 
 
Aneurysms is a localized, blood-filled dilation (balloon-like bulge) of a blood vessel 
caused by disease or weakening of the vessel wall. Aneurysms most occur in arteries at the 
base of the brain (the circle of Willis) and in the aorta (the main artery coming out of the 
heart, a so-called aortic aneurysm). A sign of an arterial aneurysm is a pulsating swelling 
that produces a blowing murmur on auscultation (the act of listening for sounds in the 
body) with a stethoscope. 
 
There are four main locations where aneurysms always happen that are Cerebral 
Aneurysms or Brain, Aorta Aneurysms, Abdominal Aneurysms and Thoraic Aortic 
Aneurysms. As the size of an aneurysm increases, there is an increased risk of rupture, 
which can result in severe hemorrhage or other complications including sudden death. 
Severe bleeding can occur if the aneurysms break or rupture. Not all aneurysms are life-
threatening. But if the bulging stretches the artery too far, this vessel may burst, causing a 
person to bleed to death. An aneurysm that bleeds into the brain can lead to stroke or death. 
Aneurysms usually appear in either fusiform or saccular.  
 
 A fusiform aneurysms is spindle shaped without a neck. While, the second type of 
aneurysms is saccular. The saccular aneurysms are the most frequent cerebral aneurysms 
showing a berrylike outpouchings of the vessel wall: they often develop at the curved side 
of the vessels or at the apex of bifurcations. 
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No. Type Figure 
1 Saccular 
 
2. Fusiform 
 
 
Figure 1.1: Types of Aneurysms 
(Source: http://emedicine.medscape.com/article/252142-overview) 
1.1.1 Causes 
 
There is not very clear why there is some people get aneurysms. Some ideas said 
that, a person can be born with a defect or weak area in one of the artery layers. Besides 
that, trauma can weaken or damage the artery wall. There are many factors that cause the 
aneurysms. Generally, the causes of aneurysms are due to atherosclerosis, atheroma, 
congential defects, heart attacks, smoking, obesity, hypertension, trauma and others. 
However, atherosclerosis is the most common cause of aneurysms which about 80%. The 
following increase the risk of aneurysms; 
· Atherosclerosis (a build-up of fatty plaque in the arteries).  
· High blood pressure.  
· Smoking.  
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· Deep wounds, injuries, or infections of the blood vessels.  
· A congenital abnormality (a condition that you are born with).  
· Inherited diseases. An inherited disease such as Marfan syndrome, which affects the 
body's connective tissue, causes people to have long bones and very flexible joints. 
People with this syndrome often have aneurysms.  
1.1.2 Symptoms 
 
 Symptoms will depend upon the location of the aneurysm. Common sites that 
aneurysms occurred include the abdominal aortic artery, the intracranial muscles (supplying 
blood to the brain), and the aorta (supplying blood to the chest area). Many aneurysms are 
present without symptoms and are discovered by feeling or on x-ray films during a routine 
examination. 
When symptoms occur, they include a pulsing sensation, and there may be pain if the 
aneurysm is pressing on internal organs. If the aneurysm is in the chest area, for example, 
there may be pain in the upper back, difficulty in swallowing, coughing or hoarseness. A 
ruptured aneurysm usually produces sudden and severe pain, and depending on the location 
and amount of bleeding, shock, loss of consciousness and death. Emergency surgery is 
necessary to stop the bleeding.  
In some cases, the aneurysm may leak blood, causing pain without the rapid 
deterioration characteristic of a rupture. Also, clots often form in the aneurysm, creating 
danger of embolisms in distant organs. In some cases, the aneurysm may dissect into the 
wall of an artery, blocking some of the branches. Dissecting aneurysms usually occur in the 
aortic arch (near its origin, as it leaves the heart) or start in the descending thoracic portion 
of the aorta after it gives off the branches to the head and arms. Symptoms vary according 
to the part of the body that is being deprived of blood; they are usually sudden, severe and 
require emergency treatment. 
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1.1.3 Diagnosis of Aneurysms 
 
There were many tests use, in order to diagnose Aneurysms. The first one is 
Angiogram. Angiogram is an x-ray examination of the arteries, veins or heart chambers, 
obtained by injecting a radiopaque (contrasting dye) into the bloodstream to make these 
structures more visible. Next is, Magnetic resonance imaging (MRI). A diagnostic 
technique that uses the response of atoms to a strong magnetic field to produce cross-
sectional images of soft tissues, such as veins and arteries. The third one is called Spinal 
tap. Spinal tap is a puncture of the spinal cavity with a needle to extract the spinal fluid for 
diagnostic purposes.  
The fourth is Ultrasound. In ultrasound, there is use of high-frequency sound waves 
to produce an image or photograph of an organ or tissues. Next is called Echocardiography. 
Echocardiography is a diagnostic procedure that uses ultrasound waves to visualize 
structures within the heart. And the last one is called X-ray. X-ray is a photograph obtained 
by bombarding a target in a vacuum tube with high-velocity electrons, enabling them to 
penetrate solid matter and act on photographic film.  
 
 
1.1.4 Treatments 
 
 Treatment depends on the size and location of the aneurysm and your overall health. 
Aneurysms in the upper chest (the ascending aorta) are usually operated on right away. 
Drugs may be prescribed to lower blood pressure and reduce the risk of rupture. Abdominal 
aneurysms that are large or increasing in size should be treated surgically. Enlarging 
thoracic aneurysms should be considered for surgery. A dissecting or ruptured aneurysm 
requires emergency surgery. 
Cardiologists at the Texas Heart Institute were among the first to use a nonsurgical 
technique to treat high-risk patients with abdominal aortic aneurysms. This technique is 
useful for patients who cannot have surgery because their overall health would make it too 
dangerous. The procedure uses a catheter to insert a device called a stent graft. The stent 
graft is placed within the artery at the site of the aneurysm. The blood flows through the 
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stent graft, decreasing the pressure on the wall of the weakened artery. This decrease in 
pressure can prevent the aneurysm from bursting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2: Stenting Procedure 
(Source; http://www.radiology.ucsf.edu/ir/angioplasty, 2008) 
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Benefits of the procedure include no general anesthesia (you are awake for the procedure), 
a shorter hospital stay (about 24 hours), a faster recovery, and no large scars. Figure 1.3 
shows the rupture of aneurysms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3:  Rupture of aneurysms 
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1.2 STENT 
A stent can be defined as any medical device that supports tissue, but most commonly, 
a stent refers to a specific medical device that is placed into an artery. Besides that, a stent 
can be defined as a small mesh tube that’s used to treat narrowed or weakened arteries in 
the body. It is a man-made 'tube' inserted into a natural passage/conduit in the body to 
prevent, or counteract, a disease-induced, localized flow constriction. Stents are usually 
made of metal mesh, but sometimes they’re made of fabric. Fabric stents, also called stent 
grafts, are used in larger arteries.  Stent should modify the blood circulation in aneurysms 
but not stop it. An arterial stent is a mesh-like tube, often made of metal that can expand 
once it is inserted into an artery. The most frequent placement of stents is in coronary 
arteries, which are typically blocked by plaque built up inside. A stent is inserted into an 
artery during angioplasty and typically inflated with a balloon catheter. The procedure 
begins at either the femoral artery in the groin, or the axillaries artery in the armpit and the 
stent is guided to the proper artery. The stent acts as a kind of scaffolding for the artery 
during any surgical repair or procedure. Usually, the stent is left in the artery permanently. 
The stent supports the narrowed or blocked artery, keeping it open for blood to flow more 
freely. 
 
 
 
 
 
 
 
Figure 1.4 Graft Stent 
Stent(Source: http://www.health-news-blog.com, 2009) 
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Drug –eluting stents sometimes referred to as a “coated” or “medicated” stent, a drug-
eluting stent is a normal metal stent that has been coated with a pharmacologic agent (drug) 
that is known to interfere with the process of restenosis (reblocking). Restenosis has a 
number of causes; it is a very complex process and the solution to its prevention is equally 
complex. However, in the data gathered so far, the drug-eluting stent has been extremely 
successful in reducing restenosis from the 20-30% range to single digits. There are three 
major components to a drug-eluting stent. The first one is type of stent that will carry the 
drug coating. Secondly is the method by which the drug is delivered (eluted) by the coating 
to the arterial wall (polymeric or other). Lastly, is depending on the drug itself.  
A stent graft is a tubular device, which is composed of special fabric supported by a 
rigid structure, usually metal. The rigid structure is called a stent. An average stent on its 
own has no covering, and therefore is usually just a metal mesh. Although there are many 
types of stent, these stents are used mainly for vascular intervention. 
 
1.3 CEREBRAL ANEURYSMS 
 
1.3.1 Cerebral Aneurysms 
 
 A cerebral aneurysm is a bulge in the wall of an artery in the brain. It occurs when 
there is a weakness in the artery's wall. The bulge may slowly enlarge over time. It can 
rupture or burst and bleed. Cerebral aneurysms are occurring near arterial bifurcations in 
the circle of Willis as shown in figure 1.6 below; 
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Figure 1.5: Circle of Willis 
(Source; http://www.stroke-recovery-advocate.com/brain-blood-supply.html) 
 
Cerebral aneurysms are frequently observed in the outer wall of curved vessels. 
They are found in the internal carotid artery, near the  apex  of  bifurcated  vessels  
including  the  anterior communicating  artery (ACA),  anterior  cerebral  artery  and  the  
middle cerebral  artery (MCA).  Cerebral aneurysms disease has been reported to affect 
around 1-5% of the population. Although many cases of this disease are unruptured, the 
catastrophic consequences of subarachnoid hemorrhage (SAH) following rupture of 
cerebral aneurysms make optimal treatment of patients. Rupture of a cerebral aneurysm can 
